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Since the of the field of measurement in the early 1900s, all tests of and achievement well as instruments for the measurement of characteristics, and other psychological with one major have had one common characteristic. These instruments are similar in that have all used a fixed set of items which are administered to all even though examinees may differ on the trait or traits measured, As a consequence, psychometric and its resultant for constructing instruments has also been concerned with the problems of fixed length tests. In the vast of in psychological scaling and personality Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ measurement focus on the construction of measuring instruments with a fixed set of items. Even the majority of applications of item response theory are concerned with tests constructed from a common set of items administered to ali examinees (e.g., Hambleton, in press; Lord, 1980 (Weiss, 1974) . These include two-stage (Betz & Weiss, 1973 , 1974 Lord ~~d~l9y tests (Larkin & Weiss, 1974; Lord, 1970) , flexilevel tests (Betz & Weiss, H . the stratified-adaptive (stradaptivc) test (Vale & ~I'~iss9 1975a (Vale & ~I'~iss9 , 1975b (Vale & ~I'~iss9 , 1978 The effect of choosing items in this way is to maximize the sum of item information across a set of items administered to an individual (hence, the name maximum information item selection strategy). Because of the inverse relationship between information and the standard error of 9 (Lord, 1980) , this item selection strategy will minimize the standard error of 6 for each examinee, yielding the most precise e estimate for each examinee given the items ~~~,~l~b~~°T he usual procedure for scoring response vectors during the process of administering a maximum information adaptive test is maximum likelihood 9 estimation (Lord, 1980) , resulting in a likelihood function that gives the likelihood of the observed response pattern as a function of 0. The 9 associated with a given response pattern is the value of 0 at which the likelihood function is observed to have its maximum, Likelihood functions differ not only in the location of the maximum of the function but also in the value of the likelihood at its maximum, which is to the height of the function inversely to its spread. The spread or variance of the function is an indication of the precision of the 6 estimate.
The variance of the likelihood function is inversely related to the observed value of the second derivative of the log likelihood function evaluated at 0. This latter quantity is to as response pattern information (Bejar & Weiss, 1979; ~~.~e~~~~, 1973) , indexing the precision of the 0 determined at the maximum of the likelihood function. Specifically, the standard error of 6 for a given reDownloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ sponse pattern resulting from administration of a specified set of items is evaluated as the reciprocal square root of response pattern information evaluated at 6. These standard errors are very useful in terminating adaptive test administration. A problem with maximum likelihood scoring is that maximum likelihood 0 estimates cannot be determined for response patterns in which an examinee answers all of the correctly or all of the items incorrectly. Similarly, there are some unusual kinds of patterns exhibited by examinees for which the maximum likelihood estimation procedure fails to converge. Solutions to this problem include assigning arbitrary 9 estimates or using arbitrary predetermined branching sequences in the early phases of an adaptive test (e.g., Reckase, 1977) , but procedures are not entirely satisfactory.
Bayesian Item Selection
An alternative solution to the problems of maximum likelihood estimation is to use a Bayesian 8 estimation procedure proposed by Owen (1969, f ~7~) 9 the availability of this procedure also suggests an alternative means of adaptive item selection.
Bayesian scoring. Owen's Bayesian scoring method imposes upon the likelihood distribution a normal density distribution with a specified mean and variance that is used to modify the likelihood distribution according to the probabilities associated with the normal density distribution (Bejar & Weiss, 1979 gressed toward the mean of the prior distribution. As a consequence, Bayesian-scored 6 estimates tend to be biased toward whatever prior mean is used in the estimation procedure (e.g., German, 1980; McBride, 1977 The vast majority of research on adaptive has been concerned with the design and evaluation of adaptive testing strategies and item pools for equiprecise measurement. Equiprecise measurements are measurements of equal precision at all levels of the trait continuum being measured. Adaptive testing of this type is designed to eliminate the bandwidth-fidelity dilemma that results in the construction of conventional tests. tests that have measurement characteristics result from the design of an item pool which has highly discriminating items equally represented at the full range of difficulty associated with the of trait levels anticipated in the population to be measured. The higher the discriminations of the items in the pool, the more rapidly wfl-them adaptive testing strategy achieve desired levels of measurement precision; the more rectangularly distributed are the difficulty levels of the items, the more equiprecise will be the measurements resulting The two solid lines in Figure 1 for the conventional test the bandwidth-fidelity inherent in the use of conventional tests. As Figure 1 shows, test information for the peaked conventional test is very high for 0 levels near zero (that the peak of information is not at zero is due to the nonDownloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. (Lord, 1980 Finally, Figure 4 shows the inaccuracy of the four testing strategies. (1977) proposed the use of a maximum information item selection strategy with variable entry but with termination of the test based on a minimum value of item information for the item to be selected for administration at a given point in the test. Thus, testing continues for each individual until ~ss~~t~~~~y th~~~ are no items available for administration at a given in the test administration that provide more than some trivial amount of information. In their initial implementation of this strategy, Brown and Weiss terminated test administration for each individual when the maximum information provided by any unadministered item was .01 or .001. In later studies of the procedure (Gialluca & Weiss, 1979; Maurelii & Weiss, 1981) , termination criteria using information values of .01 and .05 were also studied.
Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ By again varying the termination rule, maximum information item selection (combined with Bayesian scoring) can be used to increase the efficiency and accuracy of dichotomous classifications, such as those used in mastery testing. In this application (Kingsbury & Weiss, 1979) an adaptive test is terminated when the 9 estimate for an individual is confidently above or below a prespecified cutting score, which has been converted to the 6 metric from the proportion-correct metric (if the cutoff score for mastery or other classification has originally been expressed on that metric). This conversion is accomplished by the test characteristic curve or test charactertistic function (Lord, 1980, p Owen's (1969 Owen's ( , 1975 (1979, 1980 ) studied this adaptive mastery testing (AMT) strategy in comparison to conventional mastery tests by both simulation and live testing. (Kingsbury & Weiss, 1981) . The conventional mastery tests were &dquo;optimal&dquo; (Lord, 1980) in that they were constructed of sets of items that were selected to provide the most information at the cutting score, 0m.
The criterion was overall classroom mastery status based on all examinations administered in the course combined with the laboratory work done by the students. Table 5 shows the percentage of correct and incorrect mastery and nonmastery classifications by the two testing strategies in all of the five content areas. As the data show, for all content areas except Content Area 5, the AMT had higher levels of total correct classifications, and in several cases a more balanced distribution between incorrect nonmastery and incorrect mastery classifications, than did the conventional mastery test. These mastery classifications made by the AMT strategy were achieved with an average 80% reduction in test length from the 20-item conventional tests; almost half of the AMT classifications in each content area required only three items or less. Across all five content areas the G6&reg;ptfirn~.fi~9 conventional tests required 100 items to achieve the five mastery classifications, while only about 20 items were required for the adaptive tests to make the five mastery classifications for the average examinee. The adaptive testing strategy, therefore, arrived at classifications of higher quality, with considerably shorter test lengths, than did these &dquo;optimal&dquo; conventional mastery tests.
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The next unadministered item at that 0 level is administered and that item number is eliminated from all remaining 6 levels so that it will not again be administered. The item response is recorded, and 8 is again re-estimated, with the next item administered based on the closest 0 stratum to the observed 6. Unpublished data on the STMI strategy suggest that it closely the of the full maximum information adaptive strategy, while minimizing computational requirements through the preprocessing of the data in the item pool. The adaptive testing strategies described above are the major approaches that have thus far been implemented for improving the measurement process through the combined power of both response theory and the use of adaptive item selection with variable entry and variable termination. Future developments in this area, as well as future research with these strategies, should show even more improvements in the qualify efficiency of psychological measurement through the combination of these two powerful psychometric methodologies.
